Rationale: Published studies suggest that augmentation of the sensorimotor rhythm (SMR), a commonly-used neurofeedback protocol for patients with epilepsy, can be an effective means of reducing seizure frequency, even in patients with medically-refractory seizures. However, SMR protocols are limited to training a few frequency bands over sensorimotor cortex. Newer neurofeedback technology allows for the selection of multiple frequency bands in multiple head regions for training purposes and thus allows for training of neural networks.Functional MRI studies have shown abnormal connectivity within the default mode network (DMN) in patients with both focal-onset and primary generalized epilepsy syndromes. The DMN has also been shown to have altered activity concurrent with interictalepileptiform discharges. The effectiveness of newer neurofeedback techniques in reducing seizure frequency for patients with medically-refractory seizures has not yet been established. This case series explores the potential effectiveness of using LORETA z-score training within the DMN in reducing seizure frequency in patients with medically-refractory seizures.
Introduction
Neurofeedback training is designed to collect, analyze and "feedback" information about an individual's EEG signals so that the individual can learn to modify their brain activity. Individual therapeutic training goals are based upon significant abnormalities in a baseline quantitative EEG (QEEG). Repeated exercise of the brain pathways needed to reach feedback goals stimulates synaptic and network plasticity, changing brain functioning over the long-term, sometimes permanently [1] .
Published studies suggest that augmentation of the sensorimotor rhythm (SMR, a 12-15Hz maximal rhythm produced over primary motor and sensory brain regions), a commonly-used neurofeedback protocol for patients with epilepsy, is thought to act by changing thalamocortical regulatory systems and increasing cortical excitation thresholds [1] [2] [3] . As such, SMR neurofeedback augmentation can be an effective means of reducing seizure frequency in patients with drug-refractory seizures [1] [2] [3] [4] . However, SMR augmentation protocols are necessarily limited to training a limited frequency band over sensorimotor cortex. Newer neurofeedback technology allows for the selection of multiple frequency bands in multiple head regions for training purposes and thus can be used for training whole neural networks.
The default mode network (DMN) is a spatially-distributed network of brain areas (including areas such as the posterior cingulate cortex, the medial prefrontal cortex, the precuneus and lateral parietal cortex) that is most active during conscious rest and less active during cognitive tasks [5] . Functional MRI studies have shown abnormal connectivity within the DMN in patients with both focal-onset and primary generalized epilepsy syndromes [6] [7] [8] [9] [10] [11] and decreased DMN activity with interictalepileptiform discharges [12, 13] . The effectiveness of newer neurofeedback techniques in reducing seizure frequency for patients with drug-refractory seizures has not yet been established [14] . This case series explores the potential effectiveness of using LORETA Z-score training within the DMN for reducing seizure frequency in patients with drug-refractory seizures. Open Access
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Methods
The records for all consecutive patients seen in the Neurofeedback Clinic at a single academic medical center between November 1, 2013 and November 7, 2014 (n=6) were retrospectively reviewed. All patients had medically-refractory epilepsy and were either not candidates for epilepsy surgery based on consensus decision of the center's faculty or had refused to consider surgery for personal reasons. Medical refractoriness was defined as having failed to achieve seizure control with two or more anti-seizure drugs [15] . All consensus decisions about patient eligibility for epilepsy surgery were made during a multidisciplinary case conference discussion Table 1 .
Results
A total of 6 patients were included in this study with a total of 125 training sessions analyzed. Summary information about patient gender, age, epilepsy duration, antiseizure drugs, epilepsy syndromes and brain MRI findings are included in Table 2 . 
Conclusions
In this small case series, DMN training using LORETA Z-score neurofeedback techniques resulted in improvement in seizure frequency from reported baseline for five out of the six patients in this series.
Published studies have documented abnormal connectivity within the DMN in epilepsy patients [6] [7] [8] [9] [10] [11] and decreased DMN activity with interictalepileptiform discharges [12, 13] , supporting the choice of the DMN as a neurofeedback training target. However, our series of patients did not respond equally or fully (in terms of seizure control) to the DMNbased training protocols, suggesting that further study is certainly needed.
We also found that all of the patients in the series demonstrated change in their EEG spectra, as documented on subsequent QEEG studies. Although we cannot draw a clear associative relationship between these changes and training-related changes in seizure frequency, the presence of changes on QEEG suggests that the power and connectivity of brain regions within the DMN can be altered by LORETA Z-score neurofeedback training. Open Access
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The main limitation of this study is that we relied on self-report of the number of seizures a patient experienced each week during training and did not have a method for confirming these numbers. However, many of these patients used a web-or phone-based seizure record and provided counts based on their daily counts within these records. For those patients who did not use a web-or phone-based seizure record, the fact that we asked them to provide seizure counts on a weekly basis may have helped mitigate any inaccuracies that may come from difficulty in remembering seizures.
In conclusion, LORETA Z-score neurofeedback training may represent a useful non-pharmacological intervention for patients with medicallyrefractory epilepsy who are not, for either medical or personal reasons, candidates for surgical intervention. Larger studies are needed to more definitively assess the effectiveness of these techniques for reducing seizure frequency in these patients. In addition, tracking the neurophysiological shifts in patient's QEEG maps will be important to try to correlate choice of training protocol, changes seen in QEEG and seizure outcomes in LORETA Z-score neurofeedback-trained patients. 
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